The article presents data on genetic variability and differentiation of three species of cyprinid fish -roach Rutilus rutilus, ide Leuciscus idus and dace Leuciscus leuciscus baikalensis in the rivers of Siberia, Russia. From the three species studied ide has the lowest indices of genetic variability and more pronounced population differentiation. About 40% of isozyme loci are polymorphic in this species and the same percent -for nuclear DNA inter-simple sequence repeat (ISSR) markers; interpopulation component accounts for 62% of genetic variability. In roach indicators of genetic variability are higher, especially for DNA markers (67%), and interpopulation differentiation is less pronounced (FST = 0.550; GST = 0.214). Dace has the most significant genetic diversity and low differentiation of populations. 48% of the isozyme loci and 83% of multilocus DNA markers are polymorphic in this species, the interpopulation component accounts for 27% and 19% for two types of markers, respectively. In comparison with allozymes, ISSR markers provide higher estimates of genetic distances while making intrageneric comparisons and similar or somewhat lower values -while making a comparison of different groups. Isozyme markers provide more precise geographical differences of population groups of fish.
Introduction
Cyprinids, evolutionarily young group of fish, with a significant taxonomic diversity and the distribution, are of great interest for populationgenetic studies. Due to the high frequency of natural hybridization (DeMarais et al., 1992) , polyploidy (Mezhzherin and Lisetsky, 2004) , wide phenotypic variability (Vasil'eva et al., 1993; Mitrofanov, 2001; Yadrenkina et al., 2005) , they generate a large number of forms with an uncertain taxonomic status. Siberian representatives of the genera Leuciscus and Rutilus are among such problematic groups (Mitrofanov, 1993) . L. idus, R. rutilus and L. leuciscus baikalensis are numerous in reservoirs of the Ob-Irtysh river basin, and are commercial species. However, data on their phylogeography, population structure and genetic differentiation in reservoirs of Western Siberia are practically absent. These three species of Cyprinid fish have different aspects of life. Roach is an ecologically plastic species, it forms the most numerous population in the rivers and lakes. Dace is found throughout the river system, but always has a low number. Ide is a river fish species, it is the largest representative of Cyprinid fish in the region, can migrate hundreds of kilometers. Different aspects of life cause different population genetic structure and different recommendations for the rational organization of the fishery.
Population genetic structure of Cyprinid fish was studied using the methods of allozymes (Rutledge et al., 1990; Alves et al., 1997; Baranyi et al., 1997; Imsiridou et al., 1997; Ketmaier et al., 1998; Brito and Coelho, 1999; Laroche et al., 1999; Häunfling and Brandl, 2000; Hänfling et al., 2004) , RAPD (Callejas and Ochando, 2002; Shivraman et al., 2010) , mitochondrial DNA polymerase chain reactionrestriction-fragment length polymorphism (PCR-RFLP) (Fayazi et al., 2006) and nuclear DNA intersimple sequence repeat (ISSR) assays (Durna et al., 2010) , sequence variation within two mitochondrial genes, cytochrome b and the control region (Chappaz et al., 1998; Costedoat et al., 2006) , microsatellites (Barinova et al., 2004; Dubut et al., 2009 ). Using different techniques by different authors makes it difficult to compare data obtained. Although most studies show the congruence of data obtained using different types of genetic markers (Carmona et al., 2000; Durna et al., 2010; Kartavtsev and Hanzawa, 2007) , each of the markers, however, reflects the (Teletchea, 2009) . Differences in levels of genetic variation and differentiation, as well as the topology of trees obtained using different types of markers are known (DeMarais et al., 1992; Altukhov, 2003; Rubtsova et al., 2008) . The object of this research is to compare the population differentiation of three species of cyprinids using allozymes and ISSR-PCR-markers.
Materials and Methods
Fish were collected from 9 rivers of the ObIrtysh river basin, West Siberia, Russia, during the period November-January 2008-2010 (Figure 1) Muscular tissue as the most stably stored were used to carry out the isoenzyme analysis. Tissue samples were stored frozen at -40°C. Proteins were extracted in a standard way using Tris-HCl buffer (pH 8.0). Vertical electrophoresis in 7.5% polyacrylamide gel (Maurer, 1971 ) was used for protein separation. Electrophoresis was performed in Helicon electrophoretic chamber with current rate of 80 mA, voltage of 200 V for 2.5 hours. Histochemical identification of proteins was carried out in accordance with the guidelines (Korochkin et al., 1977; Richardson, 1986) . Six enzyme systems were studied: NAD-dependent malate dehydrogenase (MDH, 1.1.1.37), lactate dehydrogenase (LDH, 1.1.1.27), aspartate aminotransferase (AAT, 2.6.1.1), superoxide dismutase (SOD, 1.15.1.1), nonspecific esterases (EST, 3.1.1.1, 3.1.1.2) and myogene system. The electrophoretic variant of the most widespread ide species was used as a marker for designation of alleles.
Total genomic DNA was extracted from cardiac muscle fixed in 70% ethanol using the technique of alkaline lysis (Bender et al., 1983) . Amplification of sequences limited by simple repeats was carried out using 25 µl of reaction mixture containing PCR buffer (0.01 M Tris-НCl, 0.05 M KCl, 0.1 % triton X-100), 4 mM MgCl 2 , 0.2 mM of each dNTPs, 1 µl of total DNA solution, 2.5 mM of primer and 0.2 unit/µL of Taq-polymerase ("Fermentas") using Chromo-4 thermal cycler ("Bio-Rad") in the following mode: 94°C -7 min, then 94°C -30 sec, 52(56)°C -, 45 sec, 72°C -, 2 min (40 cycles), 72°C -7 min. Three primers: (AG) 8 G, (AG) 8 T and (CA) 8 G were used for ISSR-PCR analysis. Analysis of ISSR-PCRfragments was carried out on 2% agarose gel with using 1X Tris-EDTA-Borate buffer. The sizes of the Nei's (1978) genetic distances of cyprinids populations from rivers of the ObIrtysh basin according to allozymes data. Geographical locality codes are listed in Table 1. fragments were determined using 100 bp DNA molecular weight markers («Fermentas»). Electrophoretic gels were documented using VersaDoc system (Bio-Rad). Electrophoretic results were combined into binary matrices, where the presence of the band in gels was designated as "1" and was considered as a dominant allele, absence of the band was designated as "0" and considered as a recessive allele.
Standard population genetic characteristics were determined using POPGEN32 program (Yeh et al., 1999) . Dendrograms were plotted on the basis of Nei's genetic distances (Nei, 1978) according to the allele frequency at all loci studied, including monomorphic ones. Unweighted Pair Group Method with Arithmetic Mean (UPGMA) was used to plot dendrograms.
Results

Genetic Differentiation Based on Allozyme Data
Isozyme profiles of the three fish species studied are rather similar. The less significant allelic diversity of the dace may be due to a smaller number of individuals studied and less extensive geography of samples (compared to ide and roach). The fixation of alternative alleles for any of the loci studied has been detected in none of the species. Species differences consist in the presence of low frequencies alleles, whereas the normal alleles are common to the three species ( Table 2) .
The diversity of isozyme loci in the ide, roach and dace living in some rivers of the Ob-Irtysh basin has been described previously (Zhigileva et al., 2010) . The ide and the roach were studied more fully. Each of these species is divided into three groups: the southern (Tobol, Tura, Irtysh rivers), central (middle stream of the Ob river, Konda river and Bolshoy Salym river) and northern (Severnaya Sosva river), which have considerable specificity of their genetic structure. It should be noted that the southern group of roach (Tobol River and Ik River) is distinct from the others significantly (the index of genetic identity (I Nei ) between the northern-central and the southern groups is 0.65). The high level of divergence may indicate a different origin of these population groups of roach and may be resulted from the history of formation of hydrographic network of Western Siberia (Ecology, 2006) . In freshwater fish historical patterns of stream colonisation can contrast with contemporary dispersal patterns (Lamphere and Blum, 2012) . The highest rates of genetic identity in Kurgan population of roaches is observed when studying another sample from the river Tobol, but an index of genetic identity (I Nei = 0.83-0.86) is too low to classify them as one population. As for other rivers, most close to the Kurgan sample are the Ob samples, then the Konda samples, and the least indices of genetic identity are observed in Sosva groups of roaches. The Tobol samples of the roach form a common cluster in the dendrogram, which is rather clearly separated from samples from other rivers.
The central group of ide populations is genetically closer to the northern than to the southern one and forms a common cluster with it, but with a rather low level of genetic identity. Surgut ide is genetically close to ide from the Bolshoy Salym river, which is due to geographical proximity of these items. Ide groups from the rivers Tobol and Tura were genetically very similar, the rate of genetic identity (I Nei =0.99) indicating that they belong to one population, despite the fact that they live in different rivers. Together with ide from the river Uy, they form a common cluster in the dendrogram, which includes the remaining samples from the rivers Irtysh and Tobol. Withinh the group, the samples from different rivers and sites of fishing out (within a river) are not combined by geographic criterion, which indicates a significant role of interpopulation exchange within population groups of fish. We examined only two populations of the dacefrom the rivers Severnaya Sosva and Bolshoy Salym. Genetic distance (D Nei ) between the populations reaches 0.1. Populations from the Severnaya Sosva River in all three species are clearly separated genetically, having similar rates of divergence ( Figure  1 ).
Genetic Differentiation Based on Issr-Pcr Data
ISSR-PCR-patterns generated in the ide using 3 primers were relatively uniform (compared to the dace and the roach) and consisted of 21 bands, 8 of them were monomorphic. At the same time, in roach only 13 bands were identified, 11 of them were polymorphic. Dace is yet more polymorphic species compared with two previous ones. In dace 24 bands were identified, from which 16-22 were polymorphic in different samples, the rate of polymorphic bands (generally within a species) being up to 92%. Moreover, some individuals of the dace with ISSR- PCR-patterns dramatically different from the rest of this species were found. The number of scales in lateral line in dace from the River Bolshoy Salym was greater compared to the population from the river Severnaya Sosva, exceeded typical scores for this species and overlapped with this measure in the ide (Table 3) .
Results of cluster analysis of 26 samples of Cyprinids according to ISSR-PCR data are presented in Figure 2 . Two clusters in the dendrogram correspond to the genera Leuciscus and Rutilus. The first cluster, in turn, is divided into two groups corresponding to two studied species -the ide and the dace. The clustering of dace samples is identical to that obtained using isozyme data. The ide has a high genetic similarity between samples from the Ob and Konda. The samples from the rivers Ob, Bolshoy Salym and Irtysh at the confluence of the Ob form a common cluster, which also adjoins the sample from the Tobol, but with lower rates of genetic similarity. The Sosva samples of the ide are rather isolated from the rest, but do not form a common cluster in the dendrogram as it takes place when using allozyme data. According to the ISSR-PCR, only two samples of the roach from the upper reaches of the Severnaya Sosva form a separate cluster. The third Sosva sample of the roach is adjacent to the Ob sample. The Konda samples of roach may be combined with samples from the rivers Irtysh, Tobol and Bolshoy Salym.
In general, the division of population groups of fish of the Ob-Irtysh basin, based on isozyme and ISSR-PCR data is similar (Figure 3 ). The differences consist in the inability to differentiate the southern, central and northern groups of fish, especially in roach, in case of using multilocus DNA markers.
Indicators of Genetic Differentiation and Variability According two Methods
Nei's genetic distances calculated from allele frequencies of isozyme loci within the genus Leuciscus were 0.065, for intergeneric comparisonsLeuciscus-Rutilus -0.400, the distance between the roach and the dace being a little larger (0.462) than Table 1. between the roach and the ide (0.341). The ide has the highest level of genetic differentiation of populationswhile the dace -has the lowest one. This is confirmed by data obtained using both types of markers, although the estimates of interpopulation differentiation obtained using isoenzymes are higher, and the estimates of gene flow are lower than those obtained using ISSR-PCR (Table 4) .
Based on data of two methods, the proportion of polymorphic loci was the greatest in the ide and the smallest -in the dace, and the difference is more marked in terms of isozyme data (Table 5 ). Since the variability index positively correlates with the sample size and the number of loci analysed, it proved to be higher among the most thoroughly studied speciesthe ide and the roach. When calculating the average population proportion of polymorphic loci, as well as in terms of all other values, the dace was a more variable species.
Indices of variability in the ide, calculated using different markers, do not differ. According to ISSR-PCR data, the proportion of polymorphic loci in different populations ranged from 0.238 to 0.619, with an average being 0.432. The same value calculated based on the allozyme data varied in the range 0.125-0.588, with an average being of 0.407. The value of expected heterozygosity of isozyme loci was slightly lower than the similar item -gene diversity in terms of ISSR markers.
In the roach and the dace, the level of variability According to isozyme analysis data, the average proportion of polymorphic loci in the dace was 0.484, the average heterozygosity -0.173; according to the ISSR-PCR data -0.83 and 0.325, respectively. According to the ISSR-PCR, the indices genetic diversity (h) (Nei 1973 ) and proportion of polymorphic loci (P) in the roach and the dace significantly exceeded the same ones in the ide, while differences in allozymes variability of the three species were not significant. The correlation coefficients between indices of variability among populations obtained using different types of markers indicated the presence of weak relationship and in most cases were not significant.
Discussion
Three species of cyprinids -the ide, the dace and the roach from Western Siberia rivers -have relatively high levels of genetic variation, comparable to those of the representatives of these species from other parts of the range (Hänfling et al., 2004; Baranyi et al., 1997) . From the three species studied ide has the lowest indices of genetic variability and more pronounced population differentiation within the Ob-Irtysh basin. About 40% of isozyme loci are polymorphic in this species and the same percent -for ISSR markers; interpopulation component accounts for 62% of genetic variability. In roach indicators of genetic variability are higher, especially for DNA markers (67%), and interpopulation differentiation is less pronounced (F ST = 0.550; G ST = 0.214). These differences may be due to both natural differences in the biology of these species and different status in respect to the fishery. Life history is the most important variable explaining genetic diversity and population differentiation (Östergren and Nilsson, 2012) . The roach is an ecologically plastic species, well adapted to different conditions, more numerous and therefore having more opportunities for gene flow. This species is not as valuable for fishery as larger ide. Spatial structures, such as habitat size and connectivity, are particularly important in river and freshwater networks because such ecosystems are highly vulnerable to human activities (Koizumi, 2011) . Due to differences in population structure, we can note that the ide is a more vulnerable species in comparison to roach, and intensive uneven fishing could damage its genetic diversity.
Dace deserves special attention. It has the most significant genetic diversity and low differentiation of populations. 48% of the isozyme loci and 83% of ISSR-PCR-markers are polymorphic in this species, the interpopulation component accounts for 27% and 19% of the variability for different types of markers, respectively. These values are close to the estimates characteristic of widely migratory fish species (Vrijenhoek, 1998) and are indicative of a rather high gene flow, although far from panmixia. These findings are confirmed by other studies of the high variability of morphological characters of the dace due to mixing different forms as a result of migration (Kizhevatov and Kizhevatova, 2012) . High migratory activity and heterogeneity of fish populations in the reservoirs of Siberia is an adaptation to fluctuating water levels in the spring and reducing of the concentration of oxygen in the winter (Yadrenkina et al., 2005) .
Individuals of dace with original ISSR patterns and a large number of scales in lateral line were found. Since the latter sign has systematic importance, and multilocus markers are rather effective in the identification of hybrids (Chelomina et al., 2008) , we suggested a hybrid origin of these individuals. There are data on past and contemporary hybridization between dace and ide (Costedoat et al., 2006) , as well as the roach and the dace (Chappaz et al., 1998) . In Eastern Europe, at least one of the five lines of the dace is characterized by hybridization with ide (Costedoat et al., 2006) . The genetic distance between these species, although it corresponds to the level of interspecific differences, is still not very big. According to our data, based on isozyme genes, D Nei is 0.06, based on DNA-markers -0.12. The low degree of differentiation in structural genes is a consequence of the phylogenetic relationships and can serve as the basis for easy hybridization of species (Wilson et al., 1974) . Mitrofanov (2001) also pointed to the existence of dace groups differing in their morphological features in Central Asia. The author notes the tendency to increase the number of scales in lateral line of dace from the Irtysh basin which is partly consistent with our data. However, a comparison of unique DNA sequences and mesorepetitive DNA fraction of different forms of the dace, which differ mainly by the number of scales in the lateral line and the number of gill rakers, showed that they were practically identical (Mitrofanov, 1993) . The status of the Siberian dace and its possible hybridization with the ide requires further investigation and is beyond the scope of this article. Most likely, the high level of genetic variability is characteristic of this polymorphic form with extensive habitat, apparently, which is the original ancestral form for the rest of the Asian dace (Mitrofanov, 1993) .
Using of different types of genetic markers allowed receiving trees with slightly different topologies. The dendrogram plotted on the basis of allozyme data more clearly shows the geographical divisions of populations into northern, central and southern groups, which are more pronounced in the roach. For this ecologically plastic species, not only spatial separation but also the habitat type is important. In adaptation to them, some alleles of protein loci may play a role (Hänfling et al., 2004) . Likely, clearer geographical differences in isozyme markers result from the adaptive significance of the alleles in different climatic and natural conditions. Clinal variation in allele frequencies of protein loci in the latitudinal direction is characteristic of many fish species (Sassaman et al., 1983; Savin et al., 2009 ) and may be due to selection of variants of enzymes with different temperature optima, which is an important mechanism of biochemical adaptation of poikilothermic organisms.
Indicators of interpopulation differentiation, based on isozymes data, are higher, and estimates of gene flow are lower compared to those obtained using ISSR-PCR. This may also be due to the adaptive value of biochemical polymorphism in comparison with the neutral multilocus DNA markers. Adaptation of populations to specific conditions may contribute to the variability of isozymes, while gene flow has a greater influence on the distribution of selectively neutral ISSR markers. In comparison with isoenzymes, ISSR markers give higher estimates of genetic distances in intrageneric comparisons and similar or somewhat lower values -in comparison of species from different genera. For these highly polymorphic genetic markers (like ISSR), there is a high probability of accidental coincidence of the electrophoretic mobility of alleles, especially when unallied species are compared, so they give higher levels of genetic similarity in intergeneric comparisons (compared to isoenzymes).
In general, allozyme and ISSR-PCR data are comparable and can be used to describe the population structure of cyprinids. But ISSR markers (due to neutrality and a high rate of evolution), give higher values of genetic distances and variability, and lower values of interpopulation differentiation (compared with isoenzymes). Using ISSR-PCR markers can detect a high level of genetic variability using a smaller sample, which is especially important for rare and small species.
